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airta,wasntaaeof “
w~a operating

at low alrapeeds. The extalviiIiEIconsistedof cbtemmlnlwthe
m-ts h tlmustor efficiencyvhichcouldbe Obtd~a
by the followlng@qwxwnlts:

(a) ~eased mmiber of blades “ “

(b) lhreased bladewidth ! .

(0) Xhcreasd dlemetw

(d Dual rutatim

(e) ti-apeea gearing

The ezuilyslsIndicatedthat all of the dbuvemethodswere
W effeCtiVeh increaehg the efficiencyof hl@ly loaded
Wwellers opertilngat low airspeeds,p=t~cularlythe last one

.

listed.

ImRcmc!mm

The probleluof improvingthe thrwrtof DrouellerlElat!lUW–- —-_
airspeedsis primarilyme of reducingthe an@.eof attackof
operationof the secticmsin cmdsrto hqmuve the IJ/D.$WhWlng
the bladehel.lxe@le also Iqprovesthe thrustfor a glvempower
cnxtp.atawingto the effectof rtiatlngthe lift veotarIntoa
closertdlnamentwith the thrustvector,therebyreducingthe
rotattmd 10W3‘andat the samethe absorb* the eqlne puwer.
!llwtthe luw%~ed oporatiqgcond.ltlonsof ccuzventd.mal.three-
blade cmtroliable~opellem on ~esent-~ high-performsnce “air-
-8 is * conducive to Ix@ efficiency DW rmdlly be seen
W referringto.figure 1, which shows the blade en@es, & for “
Wxrhls conditionsof puwerloaaingena v/m. obvlOuay, WCe-off
llhde an@lesof fran30° to 60° ccrrespcmdto eagle-of-attack
valuesraaglngwellbeyondthe etell, as may be no-tea from an

Inspectionof the angle-of-attackcurvesgivenIn the lowerpart
of figure1.
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~thelnadeereaw

1. “MreasedWe& timh’ . .

2. hwmaaed n?mMrofmade6

3* Mxwaeed dlm!mtem

klother~far ~tboefnozenwisbz’eduoiag
the30tationellos13mdlldLrotEEt10mOrtbrough theuaeofflxed ~
am’faoeanu)ulrhalalthe~~ fxrarbebslthe-pmpauer~

Thw3eVarmle iwthodafm i$gmvmg thetkrwtof~opellem
f= low-epeadop6rEtiCmti Mretn mllyzed m the beds of test
data.

medzmaa,e’d ln~tbaeeadyma Wemot)’ialneddurll?g
illspast2 y’elu’sfrmtedis of Shgle- aM dual-rotat* gmpauem.
* fmw d elx-bide si@e- ahd dwQ-xwtat* ~er dsta
w30u860a breln wwo otrkwd frcm xwf~ 1; the otherdata
diaow!medhereinwLU be @il.lshedat adatcm d=teo A detdlml
demxriptim of the aet-qp and te6tingteohnlqueis glvwnla
mfk-emel~ Flgure83aad 4area@otogra@ OZIda~oImM .
planPlew,respeothn.y,of the set-up l!en-featpwpdlem, ~
Mt= st~ &IWIXW HOE. s55-6 (rI@rt-hcmd)a 3u6-6
(left-hand)wwre wed. Plan-fomqand Uade-f’ozYnourvm for thee
XmmJJ=s = Wtiw - f’lm 5“
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Pov= Coeffioimt
..—. .. ., ,.

thru6tCoefficient “ “

~opulslve efYidenoy

speed-powercoefficient” “

v/Ire advanoe-dlaw3tqratio

P’ powerof eqgne, foot-pouna2@r eecond

Te ET-~, effectivethrmt, pounds .

T totalp-opener thruet

m inoreaeeddreg of body due to p?opellerelipstresuu

n Popeller rotaticmalspeed.,revoluticmsw second

D ~opeller diameter,feet

v air speed,feetper secdnd

P maBB aemity of Edr, EILugsper o’ubic foot

P. maes deneityof alr at sea level.(OC002378)

A.m. J?Q!&QQ]1”0b
m ($)3qji)’ aotivityfaotor092

b bladeViath

r tietionr*ue”

R pro~ller radius

P. Wide euqjleEdi0.75.B,degree.,

v co s~ed of soundat sea level
●

vc~t speedof sound* altitude

.-



.

4“

---

v~ helled. tip speedof WOpeller

so Clrolalar tip speedof pmpelltw
●

% sectionsn@e of attaokat O.75R for fnflnlteaspect
ratio,nmasuredfhm chardline

-O(I of UresentdaIOQt ● - ThlS analysisCculsistaof Cxmlputati-
shuwlngthe effiolenoyor relattvethrustthat can be obtd.nedf%au
certainpropellerand gear am sngamente for a constantpoverinput.
The thrustratiosend e~cienoies =e @otted against V/nD ar
Cmstsnt valuesof Cp. Cmstant ~ reprws+ts aho ocmstant

enginepowerinput, assrmdngthat constantspeed~opellera -e
employedand assumingthat ccqphrisonssremade an the basis
of constantaltitude.

.
The V/IID paremeterrqmemnts velocltyfor the general.case

shoe buth n end D =e constsnts.R’orInstsnoe,when n or
D was ohanged,as in the case of two-speedgearing,the plotswere
based on the V/dD corresp0nW3gto the slngb speedammngenmt.
T&e V/IIDrangeis frcnn0.3 to 3.o end ~ “-rsqwIS fran 0.2 to 0.6.

In flguro6 1s a.chartgivingvaluesof Op eaoounteredfor

different drplane deeigns,presentedIn tams of U@ speedsnd -
mntiberof bladesfrcmthreeto eight. For neerlyoil.present-*
alrplemesthe propelleris designedto oporateat ne=ly peek
officlenoyfor the high-speedcmdltlon at the orltlcslsltltude.
The powercoefficlentis deflnod,therefore,far orlticalsltitude
-Qti~S ~S_ COIUftSZlt power end rotationalspeed. Yhe
S c~efficim fm the take-off and ollmb at km altitudetilJ,
of course,be lowerthsm that for the critlcslsltitudobecause
Ofthemgher airdenslty, asswldngthattheerlglnepowerremd.ns
unohsnged.Far ccmstantvaluesof power,~, ml dlemotor,

I
I

;-

i
?

4“,,
,’ .. .

Scslesof ordinatesfor sea-levelpowercoefficients,~o,

ore givenfa airplanesharlngcritical.al.tltudssof 22,060and
40,000feet. ‘l?hlachsrtshows,for exqle, that f= a hi~
speedof 420milesper hour at a criticalsltltudeof 22,000feet,
and far an eight-bladepropellerthe ~dt E O.~ ond ho. E 0.38.

[--
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------- -. T&h aea-1.eyalpowwr

.{ analyals.The Ohart
r- frm O.w to 0.6 IUSVbe ~oted fcm zuil.itemyapplications.

~“ - The threemethodsfor
w

Uvingthe
thrustby means of Inoreaaingthe bladem?ea, a increased*r
of blades, (b) Inoreasedblade width,and (o) gased dlmeter,
till resultIn ef3f3entiaUythe saneeffeot,axoeptpossiblyf=
dlfferenoesin weightsandmeohanlcslccxnplioaticms,providedthe
tip speedia the sam.

The methodfar ccmputi~ the thrustend efflctemoyof propellers
havingvariousnunibersof bladesor havi~ bladesof differentwidths
38 givenin the followingotil.lne:

(Subsorlpt3 denotesmmber of stendsrd-widthbladeEI.)

(Subaoriptx denotesincreasednwnberof bladesor
Inormsed bladewidth.)

1. Fcm severalvaluesof V/nD, p Is read at a oonstantVdhUI
of Cp fran the Cp chart.

2. ~i8_ref frcm the ~ chartfor Vd,U9Sof ~ and V/~
#

(a) Ckf vs. V/riD

(b) %x/ %= pa”

(c) %/% $ ‘B”

The outllneof the method
Increasingthe diameteris givenas fcUows:

vs. T/m

the thrust by means of

coDstants:P, p, nD or tip speed.
. . . . . .

(subSS-tt31denotGsthree-bladepmpdler of normal
.

(SU~S~wo; -es propellerof Inoreased
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1. For severalvaluesof V/nD, B= 16 read at a mndmrt

.. .

with

(+. fran the Op chart.

2“ Q3 Isreadfian the Gp”chEu’tf~ the

and v/m UndSr (1)●

4. & is read fiau Cp curvesfor several

- %x”

5“ %= Is read far carreqondlngvaluesof

6. !lMefollowingplotsmy be conetructo~

(d q vs. v/Idl

lwd.uesof tl~

h the pkesentannlysisa three-blade~opell~ Is capered
a six-bladepropellel*which absoz-bsthe acmepowerfor the

Peakeffici~ c-titlcn. The actualblade area is sll.uhtl.y
iiifferent, Cl&g to
two cases.

De = 0.75Da
to constantexea.

the diffcnmnce

insteadof D6

In bladeInterference-far.?.-the

= 0.707D~~ which correspaude

tilrotatiq. - The nwthod for ccqperhg single- m@ dunl.-
rotatlngpropellers1e the acmece that for propell~s of different
solidltlosend so till nut be repeatedhere.

n
. nea umarlnq.- The ohJectof tw-speed propellerreduction

geersis to providea means for increaelngthe popeller rotational
speedfor the teke-offand cl~. If the enginecouldbe ovm-
speededthe necees~ mount, the resultswouldbe the some as those
obtalnodwith two-speadgears. The amountthat the ~opellor speed
shouldbe Increasedf% teke-offdepends~irely upcm the tip
speedsencountered.

.—. .— -.. .. ----- .
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c~dembg the 0868 of Eb@e-upetd @ers, the tlp 6peed for* “‘‘“Xbw t- speeti-”at”lti &Mitudea will be a 3.9SS‘w0WXt8g9 Of
the speedof soundthan fcm high-altltude,high-speedoperations

. oslngto dlfferenoesIn ~ farward8peedcqponent of the tip
spee~, emd also to We” d$fferenoesin the 6p99aof mind 8t
dlffaexltaltitudeki.Inw71sslm_rUlw speedof “
Emma for Mmmmt &tzt*s; b fig=ee 8 aid 9 I=W MS GI~
the reMo of hqllcaltip speedto the olrculartlp speed,for
variow valueEIof f’arwerd.speed,helloaltip speed8and clroul=
tip speed. l’rcmtheseohxrta(figs.7, 8, md 9) the mount that
the popeller cm be speedsdup for & tdce-off oc@dltionw be
read - amwnlxg,’of oourse,thd it la dealrdbleto obtainthe
sam tip speedreldive to 801110volooityfor tdse-off8s that
for htgb -d. at altitude.

The followlxlg EuEmr@eis ghm to Uh3trah the mmlod for
UEdng the Oharts DEmtlcme&

CHvwn:

Mrspeed, 4001dles per hour .

Altitude,253000feet

Heliml.tip speed= 910 feetper seooud

To find: mar ratioto m-oduoethe sam ratio of the tin

med to the speedof souzxlfar txke-off.

Solutlom

The method
otialnedat low
fCiuovs:

Constexxts:

gearratio, ~fi E VR~O x VCo/ Vodt ‘

= 1.30sx l*og7- 1.43

for oanputlngthe relativetbrusbcm efYloienoy
epeedawith two-speedgeeramEW be outllnedas

P, p, and D*

(Subeoript1 refers to

(Su?mrlpt 2 refers to

s--speed propeller.)

“two-alwedPropener.)

1
1
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.. la h? a @ven mxl.ueof Cpa, @x

2.

3.

k.”

5*

6.

79

. .

la reaa a several+lues” “

of Cpz curves. -

(V/~lz is fiemlU

...

F= a givenvalue of 4A, Cp2 is cqputed;

(v/nD)2 h mqutet!l;

P2 correspondingto

,thefeOlllJof %*

Cp= tma (v/nD)= IEIread frcm

ourves.

P= a (v/m)= la read frah

curves.

The foil.mrlngplots~ be constJmcteds

(d T2/T= vs. V/nD

/%’% = %= tiz

m %2/%2W@

(?+J=

vs. (V/+D)

Cal culationof thrust of an idealTn?Q*C - The thrustof
m Idealwopeller can be calculatedficznthe mmentm the-.
This idefi&opeller is an actuatordiskhmbg no losses&r
than an axialmcmentm loss. An ~eeslm fcr MAL efficiency
is given*

*=2+X

This expressionmay be resolvedinto me mare conmnlent to
use by makingcertslnsubstitutionsas follows:

qP/V for T

m

. ----- 9.—
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for

Obtain this

Is msde

A

(v/nD)” (2)

in terms of thrust;the Slibstltuticm

Remlti&

This w be solved to give GjIIwd fm givenv~ues of ~ ~

V/nD, whichx thenbe cmpared tith the ~ of sw desired

Poyeller at the 13ememlues of ~ ml V/nD8

HWUIX?SMD DISCUSSICX?

The resultsof the anelyels=e p?esentedin several.groups
se folMws:

I Solldlty

(a) Effectof Increasing

(b) Effectof inoreaeing

(c) Effectof Increasing

m-q

the Inmiberof blsaes 10 to 12

tbae tiath 13

alenleter IA
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II

III

Iv

v

* Em!iEs9

Dual rotation 15

Two-speedgearing 16 to 1.9

Ccmperimn of InElthomfor Increasingthru6t
und efficiency 20 to 26

Methodfor ccmutlng c~ee in titilc tm
for clwmgesinsoildlty- 27

h this snalyslsthe emphasisis placedon methodsfor lmprovtng
propellerthrustcm efficiencyfor the tske-offand cllmbing
condltione,realizing,of course,that certainothersacrifices
~ be nece;mry. The questim is alvqs, %hat ts the best
Ccunprcmise? The answerdependsupon the pa-tlcuU5 deelm condltlcms
h question; theretme it cennotbe answeredhere. Infcmaticm
for srrivhg at good enginee??lngcompromisesIs ~sented, however,
in eadly Interpretedchsrtswhichhave a gonad. e@llcatlon.

.

S2uwz” - In figmes 10, U, and K the effectof lncreasiq “
the mmiberof bladesup to a total.of eightis indhtied; the
dlemeter,of course,is kept conctsnt. Althoughthe peek efficiency
for each propeller is a~oxlmate~” the sme In magnitude,it occurs
at dlfierentV/nD value~for the differentsolldities.The effeet
of increasingthe numberof bladesis to unloadeach indlvlduel
blade,which elluwsit to operateat lowerveluesof a and ~.

Thls increasesthe Lb end efficiencyfor tho tdse-offsnd clhib,
particularlyfor tho extremelyhighloaUngs, but with sanesacritice
et the upperend of the V/nD renge,the mxxmt de~ qpan
the pzrtlculardesignconditionsunderconsl.deraticm

Of particularInterestis the factthat thereappearsto be
Ilttl.eefficiencyto be gclnedat take-offby increasingthe
nmiberof bladesbeyondsix.

In figwre13 the efPectof increasingthe bladewidth50 percent
is shownfor a two-bladelympeller,the testsof whichwere made
several years ago. (See reference2.) Althou@ thesetestswere
not very conclusive,owingto theirlimltedscow, the indications
are that Increasingthe bladewidthhas the sae effecton the
tske-offend climibingefficiencyas increaelngtho nmtmr of blades.
Furtherextensivetestsof wide blades are being conductedat the
Pesent time.
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mitmhntlally the mane blade erea but different dlamtam The
i

1

relativedlameterewere determinedfrcm considerate- of eqaal.

,3
POwHrdbscrptlonfor peek efflclenoy;the six-blade~opeller “.
had ell@tly greater=98 then the three-bladspropeller- Mmuuch

‘1
as the effiolencieswere aboutequalovemthe emblre V/IiD range~
It appears.that Increasedsclidlty18 dbouten equdlsubatltute
for Increaseddiameterup to acmMlimltingvalue;tbxtvalueprobably
ocazespondsto a six-bladepropdler, s-e en ei@t-bladepropellm
was foundto le cdy sll@ly betterthan a six-blademe.
(seefigs.1P to u.)

rotation.- In figure15 the effectof duelrotaticmla
shownfor the six-blab popellerj the zwsultswere tdsendirectly
fk~ reference1. The prlnoiyd.effeotof duelruktlcn 1s, of
comse, to eltzulnatethe rotctionelcaqpcnentof the slipstreams
whichresultsIn Impxwed efficiency,particU3y for highly
loadedpropellersopezzati~at low valuesof V/riD.The test
resultsIndicatethat duelrotationincreasesthe efficiency
overthe entireoperatingrange,espeoiellyfor highlyloaded
~opellera.

Ei!zEn=@ ~ srhg.- Althoughthe advants@s of two-speed
gemringhavebeen a~eciated for a long time,therehas not been
any sbrlousattemptto inca:pcratetwo-speedgoarointopropeller
drivesuntilrecently. Tho reasonsfor this ore thektwo-speed
gearshavenut beenvitallyngcossery,up to tho prescnrttime,In
cinderto obtainsatisfactcwypropellorpaf cwmanceat luu forward
spmds; ard alsobecausethe high speedsand crulslngaltitudes
have nut been high encrJ@to meke possiDie~ largegains.

h f@uros 16 to 19 are plotsfndlcck~ the ~WEUUiXltS In
thrustpossiblethroughtbo use of twc-sp~edgearsfcm a varietyof
conditions.It IIKW‘DOnoteilthat the ahwmtqym am greatestfar
low s~idlty propellerswhlsh are operatedunderhl@il.yloaded
mnddtlous. Abo the advantegosere the greatefifor high ratios
of gear ohonge,which can onlybe used far high-speed,Ngh-altltude
&Ur@&nes.

,.

Q!azwKm??MLQzL@m!c!#”- In figures20 to 27 ere both thrust
and effj.clewycompwiwms of the various-hods, f% .a=i% ..
the thruetof ~peUera cperatlngat low faruerdspeeds. It
cppeemstkt the methodof.tuc-spmd gesrlngoffersthe greatest
returnof any sln@e mthod, particularlyh ‘viewof the factthat
it is not acc-ed by any aercdynauloloss fa the high-speed
condition.Ikuree,sedsolldtty,pmtlcukrly if aocampanledby dual
rubtim, offersfurthernwans fm lmprcv~ the lcw-swed ocndlticms

I
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As thesemethodsKIFe dlreotedt-a reduo~ the engteof
8tt* Or the blades,with the exoeptionof dualrukrtian,It
my %e of interestto eax@ne t~ operatingmndttlmss In
fi~e 26 IS a plot of P and a %cm the v=ious msthods
Indlctiedin figures21 sad 240 It mqy be notedthti as the
thde @ and sngleof attaokat 0075Rare reduoedby ~
mthod$ the efflchnoy at low speedIs inoreased.

~~e-off .- h oaqputlngtdce-off dlstmoes the
pwbl.an oftenC=lsesof determlnhgthe oh&waoterlsticsof scune
partioulsrpropellxmwhlohhas a diffaretisolidityor aotlvity
faotarf%om one fm whlohtestresultsere emai3.&iLeDAs most
ndbds for ocuqputlngtake-offdlstanoesiznmlvethe etatiothrust,
the problemIs aw of correct~ the etatiocoeft’lctentsfor
tiffarenoesIn aotitityfaotori ‘

A dart is presented~flgure 27 whereinthe statiothrust
coefficient1S plotted~ rmmiberof bUdes, *oh also
represents a rage of aotivityfaotorsfar the entirepropeller
on the ‘ass-ion that the aotivltyfaotcmvorlesdlreotlyas the
n@ber of bladesfor a typicel~esent typ propellerdesl~
Althoughthis ckrt was not wived fra test &ta whereinthe
aotivityfaotorwaa @@d by Increasingthe bladewidth,the
emll.dbl.einformationInUcakes thatthe effectsare sulxkmntlally
the ssme,Irrespectiveof the ~thod of chong~ the aotivity
faotor.

There ere~mathods ofuslng the chca%,onetnwhloh the
veluesof staticthrustme used directly;and the ot~, in
whichthe curvesere used as cmrmctlon faotcm for okkertoti
data. The Usttormethodis reocmnendedbeoensethe reletlvethrwt “
iS ~obdbly independentof most of the ~~-d.esign charaot=istios,
Buohas *foil Seotion,tM&n!ess, a pitoh tiStrzllUticm.‘ Thif3
~thOa Of c~cti~ 00wLOtS shpl.YOf ~tlm tho - f3t8ti0
thrustcoefficiatby the ratio of ststicthrustcoeffiolentstdmn
man the chartCcmespondlngto the dlfferd aotivltyfaotcirs.

Shnilaroherts ntw be construoted.for d&remt V/nD values
‘@ _ orossplotsticznfigures10, 11, and U. ~

Zn WiI.esI tmd II are listed,for o-enoe, the aottvity
factorsfor Q ~ of ccmmonlyusedC@tss 0ZX3-t~ St-d
propellem.
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The ~oblcml .Of increasingthe tEke-off end Ctudbtng$@ru6t
of M@ly loaded @x@lers .msolv..tself Into
fgl?reauclngthe Em@

~~%z’-’- ~
J@ sT-Ej@F”&ti--”-

d
ffi ralj-p$$%l q~K+&@!~~._~e~ W@The—-. -

ah this propose, t~ fallowingremarlm
a@y:

Increasing the nmiberof bladesfrumthreeto * was found
to resultIn mibstmtlal~cmements in the low-6Eeedthrust,
prwtlculerlyfm the higherpowerloadlngs. Eight-bladepropellers
were foundto poduce only a slightlyhigherthrustthan six-blade
ones. Increasedsolldltiesresultedin smellreductionsh the
Ixlgh-speedeffIciency.

~reasing the solidityby means
was foundto resultIn aboutthe same
numberof blades,wlthlnthe scopeof

of increasingthe bladewidth
effectsas increasing the
the Snslysis s

Ihcreaslng the blade mom by ~ms of increasingthe dlsmeter
had aboutthe scameffecton the low-speedthrustas increasing
the mlldity, fcm equaltIp speeds.

DualrotationresultedIn a smeJJ.Impmvament In the efficiency
averthe entireoperatingrange,particularlyfor tho more hl@ly
loaded~opellas .

Two-swod ~earl~ was foundto & very effectivein increasing
the low-speedthrust,particularlyfor low s~ldlty propellers
oporatingunderM@hly loaded.condltione.~ advorctagesof two-
~od gearingwere ~eatest for hi@ ratiosof gem change,which
Can ody be used for IKgh-speed,hi@-d.titude~SIlt3S. & no
efficiencypenaltyis Imposedat high speed,~hlsmethodappears
to be very attravtlvefor a certatnclassof air@snes.

A ccmibinationof six-blade,dual-rotation,two-speedgearing
vas foundto pmvlde moans for closelyapprcdmatlngthe ideal
efficiencyfor highlyloadedPopcilhrs. m

Lmgley _ial AeronauticalLabmatory, .
NationalAdvls~ Ccmmdtteefm Aeronautics,

Lan@ev l?leld,Va.
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1. Biermam, batid,and Hextmsn,EdwinP.: .Wlnd~ Tests
of Four=“and SIX-Blade,Single-ad. Dnal-Rotat~ maotor
Pr~llers. m Rep. ~0* 747,~~m

2: Hertmea,Ii- ‘P.,andBiermemn,Desflti!l%eAero@l&QUc
CharaoterZtiicsof Full-ScalePropellersHarixJg2, 3, and 4
Blades of C=k Y’andR.A.F.6 AirfoilSeotions.
llYUIARep. no. 640,1.938.
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Activityl%ctorsof CurtlssPropdlerlllades

Blade drawing ‘ Basic

nmiber dismete
(H}

512 ad 551 -Q 11.()
-6
-12
-18

— I

t-

614 and 615 -O 12.0
-6
-12
-18

—..

652 and 653 -O 12*O
G-.

.12

-181

72.4, 715, and
722 -o 13.0

-6
-1’2
-18
-24

--

814 -0 15.0
-6
“.1P
-18
-24

:;;;; -0 13*O
-6

89318 -12
-18
-24
-30

A.F.

66.9
74*9
82.’]
90.9

66.5
74..1
81.7
88.5
—-—.
68,0
75.0
81.5
88.6
.——-

65.8
73.6
81.2
89.1,
96.4—-...-

67.0
73.0
‘[9●o
84*7
90.5—.

66.6
75*3
83.5
89.6
93*7
.03.6

31ade drawing
nwnlmr

89301 -o
-3
“9
-2.5
-21

89304 -O

-$
--18
-24.
-~c)
-36

89306 -o

-;;
-16
-19
-22
-28

---- -... .—-. —-...

89316 -o
.-6
--,....-L
-18
-24.—

Baste
aialujter

(f%]

U.25

15*O

u.83

..-—--.—-—

15”0

——

~

A.%’.

.

78.8
82.7
9095
98.0
105.7

58.5
66.3
74.3
81.5
86.5
90.5
98.6

58.9
65.6
75*5
85*6
g;

96:1

——.-..

71.6
78,3
85.c
Pip
,98.5

—.



16 TABLE II

Activity Factors of Hamllton Ste.ndardPropeXLer Blades

I I
Blade drawir

,— .—

Controllable blade

3155-6

6091 -o

6095 -o
6167 -6
6237 -12

-18
-24

6101
::
-12
-18
-24

6193 -o
6111 -6

-12
-18
-’24

6105
6249 ::

.12
-18
-24—

6109 -o
6135 -6

-12
-18

.-

6127 -0
.....—-—— .—.-..— .

6165 -o
-6
-12
-18

\ nwiler Basic
diemeter A.I?.

Hydromatic blade (ft)

—-——-t----i----

10.5 90
I ———

--l--a-----
6181 -0 9*5 71

-6 83
-12 95
-1’S 107
-2)+ 120—

6183 -0 10.0 77
-6 87
-12 97
-18 108
-24 119—

I
6139 -0 11.5

/

63
-6 72
-12 82
-18 91
-24 100

(153
::

L

13.0 “ 66
6229

-12 i:
-18
+)4

_l__&..

9.0 66
78
90

i+
101

6185 -o 10.73 65
—-.—_—— .—-—.. .__ —.—— -—-—-.

6239 8.0 &

2 83.
-12 96
-18

I
ILO



TABLE II 17

m>.. ..–
—...:— .,. ,

Blade drati”kgnuuber
I Controllable Wade

. —.-——
~ B@hmxLatic llKG-

6227 -0
6157 -6

-12
-18

6241
::
-12
-18

6247
6179 ::

“12
-18

...-,

Blade drawing number

-1’

Basic
H@xornatic blade diameter

(ft)

6155
6159

-0
-6
-12
-18
-24

14.0

.....

‘~ -iij
.

-12
-18
—. ___ .

6235 -o 12.5.—

6243 -0 15.0

-;;
-~~
.a~

6245

“I

-o 17.0
-:

-L8
-24

Basic
d.iam.etel
(ft)

10.5

9.0

A.F

87
98
108
1.I.9

A.F.

92
101
109

61..— —

65

93
104
114
125— .—.

90
..

E
94
Ml
108

——.

1



3.8

4

Blade drawingnumbe~
HyarcmlaticBlmiq

6237 ‘
::
-12
-1$
-24

6259 -o.
-6

-12
-18
-24

——

6261

Basic
dimueter

(ft)

13.0

u. 5

g
96
104
112

i;

97
106
IJ.6

88

. ..
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~nD

FiSure 1,- Variation of 13and w=with V/nD for a three-blade controllable propeller
at CP = 0.2, 0.4, and 0.6.

24

20
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5/2

8

4

04 8 /2 /6 20 24 28 32 36 40 44 48
Angle of attack, deg

Figure 2,- ‘fhe L/D curve for a Clark Y airfoil.
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Figure 3.- Test set-up showingsix-bladepropeller. w



IJACA

Not?: Front
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I

I

I

I
I

e–

A ~ I I

(

r

Figs.4,5

)

IInacelle lines Iare i~e,nti:al. 1= I
Figu~e 4.- Plan view showing dimensional details of wing and nacelle.

Dimension q for four-blade propeller = 9.7” and for six and eight
blade cn-opeller = 10.0”.
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NACA Figs. 6,8

Airspeed for helicalf@ speed at 950 fps--
(0.9VC at /8,000 ff],mph

FiSure 6.- VariaLion of ~P for qnax witk air-me-; for ,Iiftcrent
promller ?olidities.

c
II

/.80

1.70

1.60

/.50

/.40

/.30

/.20

/./0

/.00
/00 /40 /80 220 260 300 340 380 420 460 500

Airspeed mph

Figure 8.- Gear ratios made available for take-off by desi~n speed conditions. Lines

of constant helical tip speed. VR, helical tin speed; S0, circular ti~ speed.
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Fig. 7
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Figure 7.- Variation
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NACA ,15

v

V/nD

Figure, 14. - Cmpari90q of .fficie.: i..,, ?: ,w, ,.1 I.r. iwvin< differerjt dimeter- ‘and mu?bers of blade. but he.vi n:< ..botant ially the same
bl.da aI.<;a. (Tir, ?..,:0’ 0? ‘, >,] mnellem is +ke s.re, e.. well . . n.wep .b~orptio.. )

MO

L50 /,0

-140
<.

.8

z
1 130 .6

Q 7
L= /,20 .4

I. 10 .2

1.00
100 140 180 220 260 3W 340 380 420 460 500 0 .2 .4 .6 .8 [.0 1.2 I 4 16 1.8

Ar.speedmph lfnD
Fi’ure 9.- ear mt~s mad. svaila:,le f,r take-off ,, d-i,:. . ...1 .1 ,., ,7. . :ffect of blade width cm efficiency. Cp = 0.14.

conditions. Lines or inn-t.. nt .irm, lar t!,, -,,. ,+, v.,
helic.1 tip speed: So, cir-,,1.r ti - . ..ed.

;.+,. fro. rcfenmce 2.
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.6

7’
.5

.4
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.2

./

o .2 .4 .6 .8 to L2 1.4 1.6 18 2.0 .?2 2’.4 2.6 28 3.0 3.2 3.4 3.6 3.8 4.2 4,2 4.4



NACA
.10

Figu.10,11,12

.9

.8

.7

7“.6

v
.5

.4

.3

.2

./

o
V/nD

Fiuum lIJ. - Zfezt. of number of blades on efficiency. CP = 0.2.

[0

.9

.8

.7

.6

7
.5

.4

.3

.2

./

o
V/nD

Fiu,me 11. - Efr.ct of n.m.e. of l,lades on efficiency. Cp = 0.4.

10

.9

.8

.7

.6

7
.5

.4

,3

.2

.1

0
V/nD

i w. l-. ‘,. -F of 0,, , ..,. of ,1.g.ic - O.I effi-jency. C. . 0.6.



NACA
.Afi Figs. 16,17
d U(J

-2.90

2.00

T3 (@eared)

T,

/.60

/.20

o .4 .8 /2 i6 2.0 i?.4
v/n.,D

Figure 16.- Effect of two-speed gearing on thrust at low speeds. ‘Three-blade propeller.
.

V/n.lD

Figure 17.- Effect of two-speed gearing on thrust at low speeds. Fmr-blade propeller.

11—— ,, ,-. ,, . . ,,., ,-,., ——-— . .



NACA’

. .. .. .. .. . .. .

Figs.

/.80

T,(~ared~
T6

‘--“/.40

loo
0 .4 . .8 L2 /6 2.0 24

lfn,D
Figure 18. - Effeet.~f two-speed gearing on thrust at low speeds. Six-blade propeller.

2.00

1.60
Te (geared)

T8

/.20

.800
.4 .8 L2 /.6 2.0 2.4

V/nlll
Figure 19.- Ef”fectof two-speed gearing on thrust at low speeds. Eight-blade propeller.

2.40

icn
{.WV w \ \ Ill 11~,

> ‘. ——.

T3~

\~
.
L. ‘\..

I ‘.. ,+

18,19,23

0 .4 .8

Figure 23.- Comparison of methods for increasing thrust. Cpl = 0.2.
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NACA Figs. 20,21

7

V/nil

Figure 20. - Comparison of efficiencies for different methods of increanin~ ~hr.st. CP = 0.2. .

10

.9

.8

,7

.6

f7
.5

.4

.3

.2

./

o
V/nD

Fimre 21. - Com:?ar i so. of eff iciencie~ f., di ff. r.nt .x- t,hod. of inm-e. s$ r!: thr. st. Cp z 0.4.

7

.,22

Fimre 22, - Gmpm’itvm of .fficienc. ie* for diff~rent methods of increasing thrunt. CP . 0.6.
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NA?A Figs. 24,25

2.40

2.00

ly~

i.60

/.20

o .4 .8 /2 /6 20 2.4
Vjrl,ll

Fi&ure 24.- Comparison of methods for increasing thrust. C?l = 0.4.
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2.80
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\

2.00
t I I I I I I I I I I

/.60

/.20

.2’ .6 10 L4 16 2.2 2.6
V/nlD

Fi~mre 25.- Cempari$6n of methods for increasing:;thrust. CPI = 0.6.
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Figure 2ti.- Variation of wand ~ with V/nD for several propellers at C. . 0.4.
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Number of bhies
Figure 27.- Variation of ?tatic thrust with soliuitv.
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